Abstract: To achieve sustainable rural development, it is necessary to simultaneously protect ecologically important land and efficiently use existing agricultural land. Land use functions (LUFs) are widely used to assess regional sustainable development. Guyuan is located in a typical hilly and gully region of western China, with ecologically fragile land. Rural land transfer (RLT) has been advocated to prevent abandonment of agricultural land and promote rational, effective utilization of the land. In this study, we used LUFs in a multi-level stakeholder assessment framework to integrate the opinions of all stakeholders in an evaluation of the impact of RLT on regional sustainable development. We employed the framework for participatory impact assessment, key informant interviews, and questionnaires to obtain data to support the development of scenarios to compare the impacts on LUFs. We found that RLT had positive impacts on each LUF in Guyuan, especially for the land-based production and food security LUFs. Importantly, the measures required to support RLT must vary among landforms and location conditions to successfully develop the LUFs and ensure sustainable development. We found that the integrated multi-level stakeholder assessment framework can comprehensively assess the impacts of land use measures on sustainable development and support regional land-use decision-making.
Introduction
The approaches being used to support the use, management, and evaluation of land resources are changing rapidly [1] [2] [3] . This has been driven by growing recognition of the finite extent of fertile land, the insatiable demands of a growing human population, and rapid urbanization, along with recognition of the fragility of ecosystems [4, 5] . It has therefore become necessary to balance conservation and protection of ecologically important land, such as forests and wetlands, with efficient use of the existing agricultural land [6] [7] [8] . However, estimates by Food and Agriculture Organization of the United Nations in 2011 indicated that up to 25% of all land worldwide is highly degraded, 36% is slightly or moderately degraded [9] . This condition threatens the sustainable land management at local, regional, as well as global level [10, 11] . International organizations and institutions launched plans and regulations to call for global action to release the severe condition [12, 13] . The Sustainable Development Goals (SDGs) released by UN in 2016 address highlights, in its 7 out of 17 goals, the importance of sustainable land use [14] . In line with this consideration, "Land Degradation Neutrality" is proposed by United Nations Convention to Combat Desertification (UNCCD) to contribute to the majority goals of the SDGs and deliver co-benefits for nearly all of them [11, 15] .
RLT refers to the rural agricultural land use right circulation (i.e., change) in China. It was proposed in the 1980s to mitigate the inefficiency of decentralized land operation, and has evolved over time from individual and irregular land management to regional and organized management (Table 1) . Under RLT, people who accept responsibility to manage land must do so under collective ownership of the land (i.e., the land is still owned by the government, but the agent of land management is changed under contract) and must not change the land use away from agriculture. If they meet these conditions, they can subcontract, lease, exchange, or otherwise to circulate the land usage right [41, 42] . The process is voluntary rather than imposed. RLT does a good job of meeting the requirements of modernized agriculture, as it is market-oriented, large-scale, mechanized, and information-based. However, while promoting the RLT in a region, little attention has been paid to the influence of this program on land use and regional sustainable development. 
Main regulations
Household responsibility system A system of contracting separately for grain-production fields (take agricultural tax) and responsibility fields (take agricultural and contract fee)
Abolishment of the agricultural tax, Law of Rural Land Contracts
The Framework for Participatory Impact Assessment (FoPIA) is one popular sustainability assessment method that uses both qualitative knowledge (provided by stakeholders) and quantitative information (obtained by researchers or governments). It employs LUF criteria and encourages participatory policy development and planning. FoPIA is structured around the driver-pressure-state-impact-response framework [43] , and can be applied to assess the impacts of a land-use policy [20, 44] . FoPIA explores alternative scenarios at the relevant scales, assesses indicators that are assigned to LUFs, and encourages stakeholder participation throughout the planning and implementation process [45] . Nevertheless, to ensure a successful sustainability assessment, FoPIA should encourage the participation of experts from many backgrounds and fields of study [46] . Unfortunately, farmers and other residents of program areas are often excluded from FoPIA because of their lower education levels, even though they are responsible for most of the land management. This exclusion can result in incorrect assessments or one-sided results that fail to account for all factors that are important in a given region [47] . This is an important problem, because stakeholders with different social and geographical environments would have different knowledge and awareness of local opportunities and constraints, and hold different ideas and requirements when faced with the same management issue. Assessment measures must therefore strive to include as many stakeholders as possible to provide a complete picture of the management situation.
In the present study, we used Guyuan in western China as an example and applied a multi-level stakeholder assessment framework to assess the impact of the RLT program on LUFs in Guyuan. The research questions include: is the RLT suitable for Guyuan's sustainable development? What are the stakeholders' perceptions of the impact of implementing RLT on local development? What should be stressed and taken into consideration while implementing the RLT? The objectives of this Sustainability 2018, 10, 1376 4 of 21 research are to (1) formulate a multi-level stakeholder assessment framework to integrate the opinions of all stakeholders, in order to comprehensively assessing the impact of land use measures on local development; (2) evaluate the impact of RLT on regional sustainable development by using this framework, and through developing reference scenarios; (3) compare the perspectives of different groups of stakeholders and find out whether the adjustment is needed for different sub-regions while promoting the RLT. Our results provide both methodological and practical insights that will support the development of appropriate LUF policy in this region, while building the region's ecological, social and agricultural capacity by promoting sustainable land management.
Materials and Methods

Study Area
Located in the hilly and gully region of the Loess Plateau (Figure 1 ), Guyuan is an environmentally fragile and economically underdeveloped area of China. It has a semi-arid continental monsoon climate. The annual precipitation is limited and highly spatially and temporally variable. Based on the meteorological data and land cover and land change data provided by the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn/), the mean annual rainfall ranges from 431.4 ± 197.9 mm in 2005 to 463.9 ± 150.8 mm in 2015 [48] , which is not sufficient to support rainfed farming. The main land use types are cultivated land (44.7% of the total land use) and grassland (44.9% of the total). Around 41.6% of the total area has a slope greater than 15 • , and 12.1% has a slope greater than 25 • , which makes cultivation difficult and makes the fine-grained loess soils highly vulnerable to erosion. The major crops are winter wheat in rotation with summer maize and potato, which account for 48.0% of the total cultivated area. The agricultural population is 1.11 million, and these workers account for 74.4% of the total population. However, the disposable income of rural households is 7002.1 CNY, which is lower than the provincial average of 9119.0 CNY and the national average of 11,422.0 CNY in 2015 [49] . The approximate conversion rate in 2015 was about 6.4 CNY per U.S. dollar. development; (2) evaluate the impact of RLT on regional sustainable development by using this framework, and through developing reference scenarios; (3) compare the perspectives of different groups of stakeholders and find out whether the adjustment is needed for different sub-regions while promoting the RLT. Our results provide both methodological and practical insights that will support the development of appropriate LUF policy in this region, while building the region's ecological, social and agricultural capacity by promoting sustainable land management.
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Since implementation of the SLCP in 2000, Guyuan has increased the area of forest and grassland by 3.11 × 10 5 ha, of which 1.69 × 10 5 ha was provided by conversion of cultivated land, which accounted for 44.9% of the total crop area (3.76 × 10 5 ha) in 2015 [48, 50] . However, younger residents of Guyuan have increasingly been leaving agriculture in search of jobs that provide a better income, leading to aging of the agricultural workforce. Although the SLCP has restored vegetation in a large Since implementation of the SLCP in 2000, Guyuan has increased the area of forest and grassland by 3.11 × 10 5 ha, of which 1.69 × 10 5 ha was provided by conversion of cultivated land, which accounted for 44.9% of the total crop area (3.76 × 10 5 ha) in 2015 [48, 50] . However, younger residents of Guyuan have increasingly been leaving agriculture in search of jobs that provide a better income, leading to aging of the agricultural workforce. Although the SLCP has restored vegetation in a large amount of the abandoned arable land (1.41 × 10 5 ha), local experts report that nearly 25% of the land remains abandoned.
The abandoned agricultural land significantly threatens local food security [51] [52] [53] . In addition, because nearly half of the cultivated land is on steep slopes with fine-grained loess soils, the abandoned land is highly vulnerable to erosion, and its variable distribution has led to problems related to land use fragmentation historically [54] . Local experts told us that RLT, which could consolidate small fields into larger areas to improve the efficiency of management, would simultaneously improve the usage of abandoned land and the economic development, as it has done in successful implementations in other parts of China [39] . In Guyuan, the primary land use type in rural areas is cultivated land, so RLT mainly refers to the exchange of usage rights for cultivated land or the transfer of cultivated land among households, companies and communities. The current land transformation conditions in Guyuan can be summarized as follows [55] :
The scale of the transfers is increasing, but remains small. The total exchange of contracted cultivated land in 2008 was 6706.53 ha, versus 49,642.73 ha in 2015, which represents only 13.2% of the total cultivated area.
2.
The plant types on the transferred land have expanded from the original types (mainly crops) to tree seedlings produced for afforestation or trade, fruit trees, and cash crops. The area for food crops after the abovementioned exchanges was only 2.08 × 10 4 ha, accounting for 41.9% of total transferred area. This suggests that land exchanges have not well-supported the original goals of the RLT, which is to improve the production and efficiency of cultivated land.
3.
The form of RLT is evolving from spontaneous private exchanges to more organized flows, but the regulations to support this evolution are insufficient. The transfer form in Guyuan mainly includes rentals, subcontracting and exchanges; the most popular form is rentals, which affected 38,165 ha (76.9% of the total transferred land). However, owing to the official statistic data by local government, the amount of land transferred under official contracts was 39,302 ha, accounting for 79.2% of the total transferred land. However, local experts stressed that the real contracts proportion would be even less with many individual transaction, suggesting the unsound of the transfer system. 4.
The rental fees for transferred land vary widely owing to differences in the land conditions. The high-quality land rents for a higher price of around 33.3 CNY/ha annually, and annual rents can increase by 0.7 CNY/ha annually. In contrast, the lowest price is 2 CNY/ha annually for hilly and dry land. In 2017, to promote RLT, the government of Guyuan introduced shareholding systems, based on successful experiences elsewhere in China, to account for the dry climate and local conditions for labor mobility, with the goal of promoting land transfers.
5.
The RLT is usually related to a single type of plant in a large area. These plants are typically cereals, vegetables, and wolfberry (Lycium chinense) in Guyuan, owing to that they are suitable for this region to improve earnings. For example, in Yang Lang village, the biggest household interviewed has rented 66.47 ha of land, which is nearly 13.8% of the entire village's crop area, and he chosen to plant only wolfberry and pumpkins in 2016. This condition has the potential to threaten the biodiversity and the maintenance of ecosystem processes [56] .
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In summary, the current conditions for transferring land use rights in Guyuan represent an exploratory stage, with many problems that still remain unsolved. Because the government officials are not sure yet about the local suitability of RLT and its future prospects. Thus, it is needed to make feasibility studies on RLT based on land location, geomorphology, quality and accessibility to water resources, in order to decide whether the land transfer is possible; at the same time, willingness and perceptions of the farmers on RLT need to be evaluated. Based on such studies, the politicians can further improve current policies and regulations related to land transformation.
Guyuan has wide variation in landforms. Based on suggestions from local experts (Specific information of these transdisciplinary experts can be found in Section 2.2.1 and the Supplemental Table S1 ), we selected four villages to represent plain land in the valley (Yang Lang), loess tableland (Xia Yuan), plateau hills (Ma Ying), and stony mountains (Sheng Li), and one village (Da Mazhuang) to represent a peri-urban village. This will let us compare the factors that constrain sustainable agricultural management in each region. The characteristics of the selected villages, as well as their locations, topography, and land uses can be found in Table 2 and Figure 1 respectively.
Multi-Level Stakeholder Assessment Framework
LUFs allow for a balanced classification of regional sustainability issues into economic, social, and environmental dimensions [18, 46] . By identifying and defining the key set of LUFs and related assessment indicators, impact assessment would be conducted. With the core of LUFs, we developed a multi-level stakeholder assessment framework. The stakeholders in land use generally include two groups [57] : "decision makers" (e.g., government representatives) and "decision takers" (e.g., local farmers [58] ). However, in China, village managers often control the public resources of the village and play a significant role in the life of its farmers. Therefore, we included them as stakeholders in our research, and refer to them as "management coordinators". Since different stakeholder groups had different interests, we used different approaches to survey each group, but with a shared overall objective: the impact of the RLT program on the LUFs. Our research team comprised both professors and young research fellows with expertise in land use and sustainable development.
We used the following methods for the stakeholder groups. First, we used interactive workshops (FoPIA) to survey government employees and local experts. We brought together a multidisciplinary team of experts (see the next section for details) to work with government employees in relevant departments, and organized the workshops to design a policy scenario (the RLT program), a control scenario, and a negative control scenario, and together, we assessed their impacts on LUFs in Guyuan. Second, we used key informant interviews for the "management coordinators" group. In this method, we conducted in-depth interviews to obtain information from community residents who were in a position to know the community as a whole, or the particular portion of the community involved in a specific land use in their village [59] . Third, we used questionnaires to obtain data from other villagers (the decision-takers). Because it was possible that not all farmers would accept this approach (e.g., some were illiterate) or understand technical concepts such as LUFs, we designed the questionnaire to describe the LUFs in terms they could understand. (1) FoPIA framework
We structured the FoPIA approach, as described by Morris et al. [26] , into three phases: preparation (problem definition and choice of LUFs and indicators), participatory evaluation (definition of the context for the scenarios and impact assessment), and analysis of the results followed by preparation of recommendations (Figure 2 ). In the preparation phase, we held the first workshop and gathered experts from many disciplines (agriculture, hydrology and water resources, economic, regional planning, human resources and social security, forestry, environmental) to define and discuss the current land use problems, the causes and driving forces of these problems, and the implementation of relevant policies (scenarios). We described the main LUFs and associated assessment indicators in preparation for the next phase. In the participatory evaluation phase, we conducted a second workshop to initiate a discussion of the scenarios, the LUFs and their associated assessment indicators, and develop a paper-based assessment and each participant weighted the LUFs in terms of their importance and scored the indicators in each scenario in terms of the impacts, so that we could reach consensus on LUFs' relative importance and the scenarios impactions on LUFs. The final phase, in which we analyzed the results and prepared recommendations, started with a summary of the previous workshop results and final discussion of these results, followed by preparation of policy recommendations based on these results. The workshops were designed to include a manageable and effective number of experts [26] . We chose 10 participants with backgrounds in multiple economic, social, and ecological disciplines to provide comprehensive perceptions of land use issues [20, 60] related to land use management or policies. The first preparation workshop was conducted in September 2015; details are provided by Wang and Zhen [47] . We process the results of discussion by combining with the literature analysis, then conducted the second participatory workshop in May 2017, with five policy-makers and five The workshops were designed to include a manageable and effective number of experts [26] . We chose 10 participants with backgrounds in multiple economic, social, and ecological disciplines to provide comprehensive perceptions of land use issues [20, 60] related to land use management or policies. The first preparation workshop was conducted in September 2015; details are provided by Wang and Zhen [47] . We process the results of discussion by combining with the literature analysis, then conducted the second participatory workshop in May 2017, with five policy-makers and five researchers (two local university researchers; two researchers from the Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences; and one researcher from the Chinese Academy for Environmental Planning). These individuals were experts on regional land use and the local participants had at least 9 years of work experience in this field (Supplemental Table S1 ).
(3) Scenario development
In China, governments formulate development plans on a 5-year cycle, so we chose a 10-year period (i.e., two planning cycles) as sufficient to allow implementation and assessment of a policy. The context for the scenarios therefore extended from 2015 to 2025. We focused on problems related to abandoned agricultural land and extensive (rather than intensive) land use on the remaining land, combined with the trial implementation of RLT in Guyuan. In this context, we proposed three scenarios in the phase II of FoPIA workshop:
1.
RLT scenario: The experts believed that the RLT would be the most effective way to achieve the goals of increasing land use efficiency and dealing with abandonment of agricultural land. Thus, in this scenario, we assumed that the RLT would be promoted well, and that all abandoned land would be transferred and reused for agriculture, with the transfers matched to the irrigation and road infrastructures.
2.
Business as usual (BAU) control scenario: This scenario assumed that land use efficiency and abandonment of agricultural land would continue to follow current trends, and that RLT would be spontaneous rather than carefully organized. According to local experts, this would likely lead to 30% of the agricultural land being abandoned and 20% of the land transferred by 2025. 3.
Agricultural land abandonment (ALA) negative control scenario: To reveal the future of agriculture land abandonment, we assumed that during the next 10 years, the trend to abandon cultivated land would accelerate, and that all land with inferior quality, land that was located on steep slopes, and land without easy access for residents would be abandoned. Households with insufficient labor would also abandon their lands. The experts suggested that at least 60% of agricultural land would be abandoned under this scenario.
(4) LUFs and associated assessment indicators
We defined the nine most important LUFs in Guyuan and the corresponding indicators in the second workshop in FoPIA. We divided these indicators into economic, social, and ecological dimensions ( Table 3 ). The LUFs are the same in all three stakeholder evaluations. (5) Scenario impact assessment
We assessed the importance of the LUFs using a two-round assessment, in which participants assigned weights from 0 (not important) to 5 (extremely important) in the first round, then discussed and resolved any differences in the second round. If the stakeholders did not agree on any result, we used an additional round of discussion to seek consensus, and then, used the following equation to calculate the mean weight of each LUF:
where w i is the weight of LUF i (i = 1 to 9), n is the total number of participants, j is the jth participant in this workshop, and w ij is the weight that expert provided for LUF i.
We then conducted a two-round assessment of the impacts of the three scenarios and possible trade-offs on the selected LUFs at a regional level, in which participants score the impacts of the scenarios to each LUF between −3 (most negative impacts) to 3 (most positive impacts) [26] in the first round, then discussed and resolved any differences in the second round. If the stakeholders did not agree on any result, an additional round is needed. We assessed the scenarios one by one and calculated the final score for each scenario using the following equation:
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where f ki is the score for LUF i (i = 1 to 9) in scenario k (k = 1 to 3), and f kij is the last-round score for expert j. We aggregated the impact assessment results (scores) for each LUF, for the three dimensions of sustainability (economic, social, ecological), and for synthetic using the following equations:
where F ki is the final assessment score for LUF i (i = 1 to 9) in scenario k (k = 1 to 3), F k,d represent the assessment score by dimensions. F k,eco , F k,soc , F k,ecg is the final assessment scores for economic dimension, social dimension and ecological dimension in scenario k (k = 1 to 3), respectively. F k is the final assessment score for scenario k (k = 1 to 3). Using F k to compare the alternative scenarios, we ranked the scenarios to provide possible implications for land management and decision support for policy recommendations.
Key Informant Interviews with Management Coordinators
We interviewed the key informants (i.e., village managers) to obtain information on natural environmental conditions, the livelihoods of farmers, and the willingness of local farmers to continue farming in the future in each village. Our goal was to use this information as a reference for the assessment responses of the decision-maker and decision-taker groups. To choose these key respondents, we used the following principles:
1.
The final group must contain at least one village manager and one farmer to represent the roles of leader and implementer in the village, and describe their different willingness for taking and supporting the decision-making exercise.
2.
Village managers should have a minimum of 5 years of work experience, and had handled the overall operation of the village.
3.
The farmers should have a minimum of 10 years of experience in the village, were familiar with village conditions, and were not young people with long-term work outside the village or housewives who only worked at home.
We developed a semi-structured interview process from 2 to 9 May 2017, with questions focused on the LUFs conditions in each village and three key informant interviews in each village. Interviews with village managers included questions about the land use changes that had occurred in the last 20 years and the possible abandonment or transformation trends in the future, as well as land use problems in the village and the willingness of farmers. We collected and extracted the background information through the statements of key informants, and used it as a fundamental basis for the analysis and explanation on the results of FoPIA and questionnaires.
Questionnaire for Decision Takers
The questionnaire was designed to obtain basic information on the respondent's family, the status of agricultural land abandonment and their willingness to abandon their land, and the willingness to attend the RLT program and opinions on RLT. The basic family data included the gender, age, main occupations, and education levels of members of the household. The second part asked about whether they had abandoned agricultural land and the reason. The last part asked about their experience with the RLT program, their willingness to transfer more land with the local government coordination, and the reasons for this willingness. Each questionnaire took around 50 min to finish.
We referred to the specific LUFs in each dimension that were defined during the FoPIA workshops, and we classified farmer understanding of the LUFs for the economic dimension of land usage (rents, land-based income, higher yields), the social dimension (employment, maintaining basic living conditions, and two kinds of income (i.e., income from farming and from rent) to improve the quality of life), and ecological dimension (more sustainable use of the land, land quality improvement, good for the environment). We normalized the impact assessments from the RLT program scenario in the FoPIA by calculating the percentage values of each dimensions (F k,d , where k = 1, represent RLT scenario) in the synthetical value (F k , where k = 1, represent RLT scenario), and we also normalized the questionnaire data from farmers by analyzing the percentage of farmers who mentioned the factors in each dimension. So that they would all in 0 to 1, and represent the importance degree of LUFs dimensions in RLT for farmers and for experts, respectively. This let us compare the views of these two groups for the three dimensions.
We chose the sample households by random in each village, and decided the final sample size (number of households) based on the suggestions of the village managers, to ensure the reliable and representative. From 2 to 9 May 2017, we obtained answers to the questionnaire in each village by means of face to face interviews. We collected a total of 202 valid questionnaires.
Results and Discussion
FoPIA-Based LUF Assessment
Weights of the LUFs
The LUFs in the ecological dimension had the highest score, at an average of 4.00 (Figure 3 ). This shows recognition of the importance of the ecological environment and the effectiveness of the promotion and protection work that has been conducted in the past several years. For example, in Yuanzhou County, the forest cover has increased from 11.0% in 2009 to 14.0% in 2015, representing a 27.8% increase. The local government has also stressed the importance of these programs to maintain good environmental conditions. The economic dimension was rated second, with an average score of 3.83. Therefore, residents recognized the importance of factors that would let them earn a satisfactory living. Analysis of the specific economic functions showed that food security had the highest weight (4.50), followed by land-based production (4.33). Because 74.4% of Guyuan's population works in agriculture, the fundamental livelihood is farming, so the quality and quantity of the land's production were clearly important. The lowest score was for the social dimension, with an average score of 3.39. Of the specific functions, employment had the lowest score (2.50), possibly because more and more farmers would like to work in the city, and they therefore placed less value on the employment provided by their land. In addition, with the desire of farmers to move to the city to find off-farm jobs ("rural labor transfer"), the local government also has organized technical trainings to prepare farm workers for these new jobs and help them escape poverty. This program benefited 193,177 people from 2005 to 2015. Government statistics suggest that the number of rural workers who moved to cities increased from 180,000 people in 2003 to 308,800 in 2015, a 71.6% increase that amounted to 27.7% of the total agricultural workers in 2015. The income from this transferred employment accounted for 44.3% of the regional average per capita disposable income of farmers [61] . Thus, with the irresistible trend of rural labor transfer, the importance for employment functions of their land would be continuously decreasing.
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Impact Assessment of the LUFs under the Three Scenarios
When we synthesized the results, the order of impacts was RLT scenario (26.98) > BAU scenario (16.19 ) > ALA scenario (5.71). RLT earned the highest score, it reflected the superiority of this approach for achieving sustainable regional development. In terms of the three dimensions ( Figure  4) , RLT got the highest score in the economic and social dimensions, but the lowest score in the ecological dimension (2.79). In contrast, the ALA scenario earned the highest score in the ecological dimension, but the lowest score in the economic and social dimensions. The BAU scenario had intermediate values for all three dimensions. 
When we synthesized the results, the order of impacts was RLT scenario (26.98) > BAU scenario (16.19 ) > ALA scenario (5.71). RLT earned the highest score, it reflected the superiority of this approach for achieving sustainable regional development. In terms of the three dimensions (Figure 4) , RLT got the highest score in the economic and social dimensions, but the lowest score in the ecological dimension (2.79). In contrast, the ALA scenario earned the highest score in the ecological dimension, but the lowest score in the economic and social dimensions. The BAU scenario had intermediate values for all three dimensions. Figure 5 synthesizes the impact assessment results and the key informant interview results to further clarify the details of our assessments. In the economic dimension, the most contributing function is land-based production, followed by infrastructure and residential. RLT could improve this function from negative under BAU and ALA to positive, with the most dramatic increase Figure 5 synthesizes the impact assessment results and the key informant interview results to further clarify the details of our assessments. In the economic dimension, the most contributing function is land-based production, followed by infrastructure and residential. RLT could improve this function from negative under BAU and ALA to positive, with the most dramatic increase reaching 208.8% compared with ALA. This is because the transfer of cultivated land in the RLT program and start the concentrate using of cultivated land, and allocated with irrigation facility and machines by big farming households or companies who rent the land, would greatly improve the quality of the land, especially in the most arid areas. For example, in Yang Lang Village, implementation of RLT increased the proportion of irrigated land from 50.0% to 86.1%, decreased the proportion of abandoned land from 13.9% to 4.0‰, and at least doubled the crop yield in irrigated land compared to that in rainfed fields. Figure 5 synthesizes the impact assessment results and the key informant interview results to further clarify the details of our assessments. In the economic dimension, the most contributing function is land-based production, followed by infrastructure and residential. RLT could improve this function from negative under BAU and ALA to positive, with the most dramatic increase reaching 208.8% compared with ALA. This is because the transfer of cultivated land in the RLT program and start the concentrate using of cultivated land, and allocated with irrigation facility and machines by big farming households or companies who rent the land, would greatly improve the quality of the land, especially in the most arid areas. For example, in Yang Lang Village, implementation of RLT increased the proportion of irrigated land from 50.0% to 86.1%, decreased the proportion of abandoned land from 13.9% to 4.0‰, and at least doubled the crop yield in irrigated land compared to that in rainfed fields. In the social dimension, the impacts in the BAU and ALA scenarios were all negative, and the ALA scenario produced a 148.3% worse outcome than the RLT scenario. The most important reason is likely to be the trend of increasing numbers of farmers wanting to leave their village, leading to increasing amounts of land being abandoned. One driver of this trend is that the income from rural In the social dimension, the impacts in the BAU and ALA scenarios were all negative, and the ALA scenario produced a 148.3% worse outcome than the RLT scenario. The most important reason is likely to be the trend of increasing numbers of farmers wanting to leave their village, leading to increasing amounts of land being abandoned. One driver of this trend is that the income from rural employment transfer has increased tremendously in Guyuan, from 0.64 × 10 9 CNY in 2003 to 4.62 × 10 9 CNY in 2015, representing an average annual increase of 51.8% [61] . This has been a major way for farmers to earn more disposable income. The low benefits and high costs for farmers on poor-quality land provide a strong motivation to work less in agriculture or even abandon their land. Another driver is the increasing value attributed to education. In Guyuan, 67 middle schools were all built in the region's city centers [48] . To attain a good education, parents tended to move to cities to accompany their children and also get a temporary job. With less strength in agricultural work and more abandonment of their land, the importance of the provision of work function would weaken and food security would be threatened. However, in the RLT scenario, farmers would be willing to continue working on their land, because with the help of machines, the work would become easier, they could finish the work faster, and they could double their income from renting the land and wages. This is profit for provision of work function and could ensure or even improve the quality of life and food security functions.
In the ecological dimension, the BAU and ALA scenarios would benefit from the environmental protection projects and natural recovery that occurs after abandonment of land under these scenarios, which is why they had higher positive impacts than in the RLT scenario. Since 2000, the SLCP has increased the regional forest cover from 35% to 73%, and has increased the regional grassland cover from 12.8% to 22.2%, for a total increase of 3.11 × 10 5 ha in the whole Guyuan. The trees and grasses planted during this program will gradually mature and enhance the provision of biotic resources and maintenance of ecosystem processes LUFs [62] . At the same time, the abandonment of land in the ALA scenario will permit natural recovery of the ecosystem, which would promote the maintenance of ecosystem processes LUF [63, 64] . In addition, some of the experts expressed uncertainty about the impact of RLT owing to the homogenization, i.e., to cultivate a single kind of plant in a large scale, which might not good for the maintenance of ecosystem processes. However, some of the experts were optimistic about the balance between economic development and the short-term use of single plant types, since they argued that this approach is ecologically beneficial because it makes better use of the land than abandoned farmland [65] .
Although the experts affirmed the positive synthetic impact of the RLT scenario on regional sustainable development, they also emphasized the provision of employment function. Some believed that although farmers can continue to work on their own land, but with the improvements permitted by mechanized farming, the requirement for human labor would be limited [66] . National statistics show that both the area of cultivated land and the area of land harvested by machines increased by four percent and nine percent annually, respectively, from 1990 to 2012 [67] . That is, fewer workers can produce more food because of the increased productivity. Therefore, this trend does not provide employment compared with the period dominated by individual farming with a heavy reliance on manual labor. Others believed that direct employment provided by the land is generally decreasing, but that the dependence of farmers on this LUF is also decreasing owing to the transfer to other forms of employment. According to our household survey in the five villages, 32.6% of family members had an off-farm job, and this proportion was increasing. Thus, the existing provision of employment LUF appears able to meet the current employment needs of farmers.
Stakeholder Perceptions of RLT and Comparison with Expert Assessments
Details of the assessments of the RLT program's impacts on the LUFs varied among the five villages owing to the different landforms and local conditions (Figure 6b-f) . land; as a result, 93.8% of the farmers preferred to plant the tableland by themselves, and 59.4% of the households choose to work simultaneously in town according to our survey. Considering the offfarm jobs that helped the villagers to meet their economic needs, the tableland was preferred to provide the food security LUF and to ensure the quality of life, both of which belong to the social dimension. Da Mazhuang village (Figure 6c ) reflected the high impact of the RLT on both the economic (0.53) and the social (0.23) dimensions. This can be explained by two typical phenomena in this suburban village. First, due to the short distance from the village to the nearest city (around 8 km), farmers were used to working in the city and cared more about the economic function when they transferred land. In our survey, 76.7% of the households had part-time jobs in the city, and 67.4% received most of their income from off-farm work. As a result, they relied less on the land, even though the income and production from the land remained fundamental elements of their livelihood. Second, our key informant interview revealed 400 households in Da Mazhuang, but more than 120 of these families had moved into cities temporarily. The main reason was that they worked in the city, so they could accompany their children to school, but they will return to their village and work on the land after their children graduate from high school. Therefore, they considered their land as the final insurance for their work and livelihood, and they paid more attention to the social functions of the land.
In Yang Lang village (Figure 6b ), with relatively good economic conditions, villagers also considered the ecological impacts of land transfers. The majority of the farmers thought that the RLT program had improved the land quality and ecological function.
In Sheng Li village (Figure 6f ), which had the lowest land quantity because it was mainly located on stony mountainous land, the villagers cared less about the RLT, but believed that if the government promoted the RLT, they would think highly of the ecological LUFs because of their relatively good environmental experience due to a long period of planting trees under the SLCP and tree nurseries for trade. The experts in the FoPIA (Figure 6a ) assigned the highest weight to the social dimension, with a total impact score of 0.47, which was nearly five times the value (0.10) they assigned to the ecological dimension and slightly higher than the value (0.43) they assigned to the economic dimension. However, the rates reflected in the farmer questionnaires were quite different: the farmers assigned the dimension rankings in the following order: economic (0.57) > ecological (0.25) > social (0.18). Therefore, there were two obvious differences between the experts and the farmers: the experts gave Ma Ying village (Figure 6e ) had the maximum weight (0.72) in the economic dimension because it is located in a hilly area, so that most of the cultivated land is in steep slope or far from the farmers' homes; as a result, farmers here engaged more on lands while gain little benefit. For example, the average maize yield was 1500 kg/ha, which is 27.4% of the average yield (5467.48 kg/ha) for Guyuan as a whole in 2015 [48] . Thus, the economic functions that the land provides so they can meet the basic needs for life are the primary dimension.
Xia Yuan village (Figure 6d ) had the largest proportion of impacts for the social dimension (0.33). This can be explained by the fact that the tableland in this village is much easier to manage than hilly land; as a result, 93.8% of the farmers preferred to plant the tableland by themselves, and 59.4% of the households choose to work simultaneously in town according to our survey. Considering the off-farm jobs that helped the villagers to meet their economic needs, the tableland was preferred to provide the food security LUF and to ensure the quality of life, both of which belong to the social dimension.
Da Mazhuang village (Figure 6c ) reflected the high impact of the RLT on both the economic (0.53) and the social (0.23) dimensions. This can be explained by two typical phenomena in this suburban village. First, due to the short distance from the village to the nearest city (around 8 km), farmers were used to working in the city and cared more about the economic function when they transferred land. In our survey, 76.7% of the households had part-time jobs in the city, and 67.4% received most of their income from off-farm work. As a result, they relied less on the land, even though the income and production from the land remained fundamental elements of their livelihood. Second, our key informant interview revealed 400 households in Da Mazhuang, but more than 120 of these families had moved into cities temporarily. The main reason was that they worked in the city, so they could accompany their children to school, but they will return to their village and work on the land after their children graduate from high school. Therefore, they considered their land as the final insurance for their work and livelihood, and they paid more attention to the social functions of the land.
In Sheng Li village (Figure 6f ), which had the lowest land quantity because it was mainly located on stony mountainous land, the villagers cared less about the RLT, but believed that if the government promoted the RLT, they would think highly of the ecological LUFs because of their relatively good environmental experience due to a long period of planting trees under the SLCP and tree nurseries for trade.
The experts in the FoPIA (Figure 6a ) assigned the highest weight to the social dimension, with a total impact score of 0.47, which was nearly five times the value (0.10) they assigned to the ecological dimension and slightly higher than the value (0.43) they assigned to the economic dimension. However, the rates reflected in the farmer questionnaires were quite different: the farmers assigned the dimension rankings in the following order: economic (0.57) > ecological (0.25) > social (0.18). Therefore, there were two obvious differences between the experts and the farmers: the experts gave more than twice the weight assigned by farmers to the social dimension, whereas the farmers gave more than twice the weight experts assigned to the ecological dimension.
This may be because experts had more of a regional than local perspective, and therefore believed that the RLT program could solve the problem of land abandonment and improve the food security LUF. For example, Yang Lang village is a typical successful test site, since the transferred cultivated land, which used to suffer from frequent drought, has been turned into irrigated land. As a result, the yield of potatoes from these lands increased from around 5247.38 kg/ha to 14,992.50 kg/ha, an increase of 185.7%. It is also possibly because that the farmers emphasized the ecological dimension based on their experiences. For example, Sheng Li village assigned the highest rate of the five villages to the ecological dimension in the RLT scenario (0.26). This village has been planting trees for 15 years under the SLCP and has developed tree nurseries for more than 10 years. As a result, farmers experienced visible improvement of their environment, and 62.9% of the farmers expressed the belief that owing to the afforestation, the number of animals and plants had increased. In addition, due to the implementation of irrigation and land restoration under the RLT program, the land's ability to maintain ecosystem processes was much greater, especially when compared with the land that was about to be abandoned. The quality of 160.33 ha of cultivated land had improved from "bad" or "medium" to "good" according to the questionnaire results for Yang Lang village, which accounts for 33.3% of the total land in the village.
We identified three issues related to implementation of the RLT program. First, not all of the farmers were willing to practice RLT. In Sheng Li village, for example, the average land area cultivated by a household was only 0.44 ha, and they preferred to develop tree nurseries, as this consumed less time and energy. Thus, the RLT is kind of meaningless for them. Second, not all of the agricultural land could be transferred. For example, in Ma Ying village, 84.0% of the farmers favored the RLT, and their willingness to transfer related strongly to the rent. However, because they mostly had access to inferior quality hilly land, few companies or households wanted to rent their land, and the rent they would have received was low. Third, with relatively good quality tableland, farmers preferred to plant by themselves using machines, without disturbing their urban employment, and they were able to consume their own organic cereals, thereby making good use of the land's ability to improve their quality of life.
Conclusions
By applying appropriate approaches to identify the opinions of three distinct groups of stakeholders and take advantage of expertise from many economic, social, and ecological disciplines, we developed an assessment framework that revealed the impact of the RLT program on LUFs in Guyuan. We reached three main conclusions: First, the multi-level stakeholder assessment framework based on LUFs proved to be very useful for comprehensively assessing the impact of land use measures on local sustainable development and to support regional land use decisions. This framework integrates the opinions of all stakeholders to make the results more rational and comprehensive. Using the Guyuan case study, we demonstrated the positive impacts of the RLT program on regional sustainable development while also simultaneously revealing problems with and insights into the implementation of land use measures. Thus, our framework can support the identification of region-specific land use problems and the causal relationships between land use measures and the selected sustainability indicators. In future research, this method could be improved by consulting all stakeholders, not just the experts, to identify the key LUFs and take in vital indicators. Although the nine LUFs and nine indicators used in the present analysis appear satisfactory, and represent a simple and efficient approach to analyzing the key issues, it is likely that a broader consultation would reveal more factors that should be accounted for some of the nine LUFs and indicators that are also more important to farmers (e.g., including irrigation into the key infrastructure component, rather than only transportation network).
Second, compared with the BAU and ALA scenarios, the RLT scenario has the most positive synthetic impact on regional sustainable development. This is especially true for the improvement of the land's economic and social dimensions. Furthermore, the RLT scenario could dramatically benefit the land-based production and food security LUFs, with these two functions showing negative trends under the BAU and ALA scenarios that could be changed to positive trends under the RLT scenario. However, it is also possible that the government should encourage different scenarios in different areas. For example, agricultural intensification may not be an option in the stony mountain areas, particularly if irrigation is not available. In that case, ALA supported by increased implementation of the SLCP may be the most suitable approach.
Third, implementation of the RLT program should be adjusted to account for differences in local conditions to take better advantage of the multiple LUFs provided by the land and to overcome the difficulties imposed by the different landforms and location conditions. For example, for cultivated land in hilly regions, with poor conditions, farmers might be unable to find anyone to rent their land, so the most important measure might be to promote RLT by improving infrastructure (e.g., roads and irrigation) to improve the land's quality. Thus, for each region, specific measures should be carefully designed to account for that region's needs and constraints.
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